Enhanced kinetic solubility profiles of indomethacin amorphous solid dispersions in poly(2-hydroxyethyl methacrylate) hydrogels.
The feasibility of forming solid molecular dispersions of poorly water-soluble drugs in crosslinked poly(2-hydroethyl methacrylate) (PHEMA) hydrogel has recently been reported by our group. The purpose of the present study is to investigate the extent of enhancement of kinetic solubility of amorphous solid dispersions (ASDs) of indomethacin (IND) in crosslinked PHEMA hydrogels as compared with those based on conventional water-soluble polymer carriers. Our results show that under non-sink conditions, the initial solubility enhancement is higher for ASDs based on polyvinylpyrrolidone (PVP) and hydroxypropylmethylcellulose acetate succinate (HMPCAS), but the ability to maintain this solubility enhancement at longer times is better for ASDs based on PHEMA over a period of 24h with the extent of solubility enhancement of IND ASDs in PHEMA falling between those in PVP and HPMCAS at 10.0% IND loading after 6h and outperforming those in PVP and HPMCAS at 32.9% IND loading after 8h. The observed kinetic solubility profiles reflect the fact that the amorphous IND is released from PHEMA by a different mechanism than those from water-soluble polymer carriers. In this case, the dissolution of IND ASD from water-soluble PVP and HPMCAS is almost instantaneous, resulting in an initial surge of IND concentration followed by a sharp decline due to the nucleation and crystallization events triggered by the rapid build-up of drug supersaturation. On the other hand, the dissolution of IND ASD from insoluble crosslinked PHEMA hydrogel beads is less rapid as it is regulated by a feedback-controlled diffusion mechanism, thus avoiding a sudden surge of supersaturation in the dissolution medium. The absence of an apparent decline in drug concentration during dissolution from IND-PHEMA ASD further reflects the diminished nucleation and crystallization events during IND dissolution from hydrogel-based solid molecular dispersions. Based on the XRD analyses, a threshold IND loading level of about 34% in PHEMA has been identified, above which amorphous to crystalline transition tends to occur. Also, by selecting the appropriate particle sizes, immediate to controlled release of IND from IND-PHEMA ASD can be readily achieved as the release rate increases with decreasing PHEMA bead size. Furthermore, a robust physical stability has been demonstrated in IND-PHEMA ASD with no drug precipitation for up to 8 months at IND loadings below 16.7% under direct open cup exposure to accelerated stability conditions (40°C/75% RH).